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TTTLE 

METHOD FOR PRODUCING DIETARY FIBERS FROM 
NONWOODY LIGNOCELLULOSIC SUBSTRATES BY OXIDATION 

5 

BACKGROUND OF THE INVENTION 
The present invention relates to delignifying and optionally bleaching 
nonwoody lignocellulosic substrates, and, more particularly to delignifying of 
nanwoody lignocellulosic substrates using 0 2 which converts the substrate into a 

io source of dietary fiber suitable for human consumption which has a high brightness 
level, i.e., in most cases having a brightness level in the range of above 85 and 
preferably 90 or higher, and a total dietary fiber content of usually over 90% by wt. 
and a high water and oil absorbency. A low calorie dietary fiber of the type which 
can be prepared according to this invention can also be characterized as having a 

15 low content of proteinaceous, fatty and ash-forming materials, such that it can be 
substituted for farinaceous flour at high replacement levels, a binding agent for 
processed meat, and partial replacement for fat and sugar, or bland fiber for fiber 
drinks, as well as pharmaceutical use. 

20 SUMMARY OF THE INVENTION 

The present invention is a method for delignifying, Le„ converting 
nonwoody lignocellulosic agricultural residues into a source of dietary fiber which is 
suitable for human consumption and has a total dietary fiber (TDF) content of 
generally above about 90% by weight which comprises: 

25 (a) optionally uniformly wetting the residue, i.e., the substrate, with 

aqueous alkali having a concentration in the range of from 1% to 20% by weight, 
based on dry substrate, at a temperature in the range of from 20° to 100° C to swell 
and remove base soluble materials from the substrate; 

(b) optionally separating the substrate from the aqueous alkali and 
30 washing it with water, 

(c) uniformly wetting the substrate with an aqueous alkaline solution 
containing 1-20 wt.% base, based on dry solids present, while pressuring the 
substrate at from 20 to 300 psig (138 to 2070 kPa) with 0 2 gas at a temperature of 
50° to 150° C for 5 to 180 minutes optionally in the presence of peroxide to reduce 

35 Ugnin content and improve brightness, and separating the substrate from the extract 
liquid; 
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(d) optionally repeating the 0 2 treatment step after separating the 
substrate from the extraction liquid, this two-stage process provides a product with 
considerably improved brightness; 

(e) optionally uniformly wetting the substrate with a bleach such as 
5 aqueous alkaline hydrogen peroxide having a concentration of from about 0.5% to 

about 10% by wt. peroxide based on the original dry weight of the substrate at 20° 
to 100° C for 30 minutes to 6 hours; 

(f) acidifying the substrate to pH 2-3 to remove residual base and ash, 
and then washing; and 

10 (g) recovering the dehgnified fiber. 

The process of the invention produces bleached cellulosic fiber 
products having a brightness level which for practically all cases exceeds 85 and 
preferably is above 90 and which have a total dietary fiber content generally above 
90% by weight In addition, the bleached products are substantially free of nutritive 
proteinaceous, carbohydrates and fatty components and ash-forming, especially 
silicaceous, components. The fiber products of the invention can be used as 
farinaceous flour substitutes in replacement concentrations exceeding 20 percent by 
weight of the flour, as well as in dietary fiber drinks, pharmaceutical uses and bulk 
extenders for artificial sweeteners and fats. 

By mamtaining the temperrure of the 0 2 treatment process range of 
from 50° C to about 150° C and preferably 90° to 130° C, the process improves 
brightness levels of the product, reduces Ugnin, and reduces the content of fats, oil 
and protein to acceptable levels. Low calorie dietary fiber that can be used in high 
replacement concentrations as a flour substitute can be made from nonwoody 
agricultural residues according to the process of the invention. Foods made from 
the resulting flour have good aroma, texture and mouth feel. The process of this 
invention is particularly effective for treating substrates selected from the group 
consisting of grain hulls, e.g., oat hulls, peanut hulls, pea hulls, barley hulls, rice 
hulls, bagasse, soy bean hulls, corn cob chaff and sugar beet pulp. Grain brans such 
30 as corn bran, oat bran and wheat brans are especially preferred. 

According to one aspect of the invention, the substrate can be 
optionally uniformly wetted with aqueous alkali by fonning a slurry having an alkali 
concentration of from 1% to 20 % by wt., based on the original dry weight of the 
substrate, and a consistency of from 5% to 35% and main taining the substrate in the 
35 slurry until the substrate is uniformly wetted, e.g., from about 5 minutes to several 
hours. Then the substrate is treated with 0 2 at a pressure of 20 to 300 psig (138 to 
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2070 kPa) and preferably 50 to 200 psig (344 to 1380 kPa), a temperature of 50° to 
150° and preferably 90° to 130° C for 5 to 180 minutes and preferably 30 to 90 
minutes. One or more C>2 treatment steps may be used. Optionally a peroxide can 
be present in the oxygenation step(s) to improve brightness. 
5 Thereafter, a bleach such as hydrogen peroxide, hypochlorite, chlorine 

dioxide, ozone, peracetic acid or CSiJX be added directly to the slurry containing 
the substrate to accomplish bleaching after separating the substrate from the slurry. 
Silica, protein, carbohydrates and fat which have solubilized in the slurry remain 
behind when the substrate is removed, and since they represent BOD, i.e., biological 
io oxygen demand, as an element of aqueous waste, can be removed through anerobic 
waste treatment. 

DETAILED DESCRIPTION OF THE INVENTION 
The invention is an effective delignification and bleaching method for 
15 converting a nonwoody lignocellulosic material into a source of dietary fiber for 
human consumption. The process comprises the following steps: 

(a) optionally uniformly wetting the residue, Le., the substrate, with 
aqueous alkali having a concentration in the range of from 1% to 20% by wt. based 
on dry substrate solids and at a temperature in the range of from about 20° to 

20 100° C to swell and remove alkali solubles from the substrate; 

(b) separating the substrate from the slurry and optionally, washing it 

with water; 

(c) uniformly wetting the substrate with an aqueous alkaline solution 
containing 1 to 20 wL% base, based on the original dry weight of the substrate, at an 

25 0 2 pressure of 20 to 300 psig (138 to 2070 kPa) and preferably 50 to 200 psig (344 to 
1380 kPa); a temperature of 50° to 150° C and preferably 90° to 130° C for 5 to 180 
minutes and preferably 30 to 90 minutes, optionally more than one oxygenation step 
can be used and peroxide can be present in the oxygenation step; 

(d) optionally uniformly wetting the substrate with an aqueous 

30 alkaline bleach such as hydrogen peroxide having a concentration of from about 
05% to about 10% by wt. peroxide based on the dry weight of the substrate; 

(e) acidifying the product to pH 2-3 for 5 minutes to 2 hours, washing 

to pH greater than 5; and 

(f) recovering the substrate. 

35 The recovered substrate is a substantially bleached cellulosic fiber 

having a TDF of generally over 90% and a greatly enhanced brightness level. 
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For human dietary fiber products, nutritive proteins, carbohydrates, 
fats, oils and ash-formers, e.g., silica, are undesirable, and their concentrations in the 
final treated product must achieve acceptable levels. These levels are not especially 
critical and can be adjusted by varying the concentrations of alkali, e.g., NaOH, and 
5 0 2 employed in carrying out the process. The nutritive content of practically all the 
substrates must be reduced during processing if the bleached product is to qualify as 
high "dietary" fiber, that is, as a low calorie or non-fattening food. Reducing fats, 
particularly unsaturated fats, is needed to avoid objectionable aroma and rancid 
taste in baked goods. Reducing ash-forming substances is needed to avoid 
objectionable mouth feel (gritty taste and texture) in baked goods. Reducing lignin 
eliminates color and gritty texture and increases the water and oil absorbency of the 
product which imparts a smooth texture to foods incorporating the product. 

A preferred class of substrates for use herein are fruits, roots and 
tubers. The terms "fruits", "roots" and "tubers" are used herein in the botanical 
sense. Thus, "fruit" is defined as the ripened plant ovary (or group of ovaries) 
containing the seeds, together with any adjacent parts that may be fused with it at 
maturity. It is intended that the term "fruit" include simple dry fruits (follicles, 
legumes, capsules, achenes, grains, samaras and nuts), simple fleshy fruits (berries, 
drupes, false berries and pomes), aggregate fruits and multiple fruits, as botanicaUy 
defined. For the purposes herein, the term "fruits" is also intended to include any 
residual or modified leaf and flower parts which may contain or be attached to the 
true fruit, such as a bract. 

Encompassed within this definition of "fruit" are cereal grains and 
other seeds. Components of these materials contemplated for use herein include 
bran and certain seed hulls. "Bran" is a component of cereals and is defined as a 
fraction obtained during the processing of cereal grain seeds and consisting of the 
lignocellulosic seedcoat separated from the flour or meal. Examples of nonwoody 
seed hulls are the bracts of oats and rice. "Root" is defined as the usually 
underground portion of a plant body that functions as an organ of absorption, 
aeration and food storage or as a means of anchorage and support, and differs from 
the stem especially in lacking nodes, buds and leaves. Tuber" is defined as a much 
enlarged portion of a subterranean stem (stolon) provided with buds on the sides 
and tips. 

The lignocellulosic substrates of principal interest are waste stream 
components from commercial processing of crop materials such as sugar beet pulp, 
citrus fruit pulp, nonwoody seed hulls and cereal bran. Unless otherwise specified, 
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the terms "citrus pulp" or "citrus fruit pulp" will be used herein in the generic sense 
to define the waste product of the citrus juice industry. This product typically 
includes both the rind of the fruit and also the fleshy juice sacs. The fleshy material 
is oftentimes also referred to as "pulp", and it alone is a suitable substrate within the 
5 ambit of the invention. 

The process of the invention is particularly applicable for converting 
grain hulls into a low calorie dietary fiber. Of the grain hulls, oat hulls are a 
preferred substrate from which a low-calorie flour substitute can be made because 
of the general public acceptance of oats in particular as health food for humans. 
10 The process of this invention, however, is applicable to a variety of agricultural 
substrates, such as, for example, substrates selected from the group consisting of 
bagasse, soy bean hulls, rice hulls, peanut hulls, wheat straw, corn residues such as 
corn cob chaff, corn bran and corn husks, wheat bran and wheat straw and sugar 
beet pulp. For convenience, the substrate may be used as it comes from the field; 
15 however, more consistent and better results have been observed when the substrate 
is processed through one or more preparatory steps. 

However, nonwoody substrates of the type described in the prior art 
can differ substantially in composition. Nonwoody materials, for example, have a 
relatively low lignin content in the range of about 17%, while the Iignin content of 
20 woody substrates can range as high as 20-35%. Even among a group of nonwoody 
substrates, substantial differences have been noted from one substrate to another, 
for example, in mineral content, heavy metal ion content, and in the presence or 
absence of proteins and fats. In grain hulls, e.g., oat hulls, the presence of silica, 
protein and fats insofar as their ultimate use as a dietary fiber is concerned is 
25 undesirable. Thus, removal of these constituents during delignification can be 

critical in whether the fiber product which results can be used as a white and bland 
food additive. 

For example, the substrate to be treated is preferably cleaned first by 
washing with water or by steam washing to remove foreign matter and debris. 

30 For best results the substrate is comminuted, i.e., chopped, shredded 

or ground, to increase its surface area and facilitate handling and wetting with alkali. 
Grinding the substrate too fine, e.g., less than 100 mesh, should be avoided, 
however, since filtration, handling and/or drying problems may result along with an 
increased yield loss. Comminuted substrates tend to yield brighter bleached 

35 products if residual liquid can be effectively removed from the substrate, but when 
the substrate is ground too fine, high efficiency separation, such as, for example, by 
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centrifugatioa, is needed to effectively remove liquid. 

An optional first step in the process of this invention is to uniformly 
wet the substrate with aqueous alkali. Wetting can be accomplished by any 
convenient means, but, preferably, it is accomplished by forming a slurry of the 
5 substrate in aqueous alkali and maintaining the slurry for a sufficient length of time 
and at a temperature in the range of from 20° to 100° C to insure uniform wetting. 
Preferably, the substrate is first slurried in water and then alkali is added as a 
concentrated aqueous solution to achieve an alkali concentration in the slurry which 
can range from about 1% to 20 % by weight, based on original dry weight of 
10 substrate. 

The alkali is an alkali metal base, such as a hydroxide or carbonate of 
sodium or potassium, calcium hydroxide, magnesium hydroxide or ammonium 
hydroxide although NaOH is preferred for convenience and economy. The alkali or 
its concentrated solution (40-50 weight %) can be added to the aqueous slurry of the 

15 substrate all at one or in increments, as desired. If a base other than NaOH is used, 
it should be present in a molar equivalent to the weight ranges set forth for NaOH. 

The consistency of the slurry (weight percent dry substrate in the 
slurry) is not critical. Preferred consistencies are from about 5% to about 35%. In 
general, higher consistencies may be employed if the substrate is comminuted. 

20 Uniform wetting of the slurry can be accomplished with conventional 

blending equipment, such as a pipeline mixer, a blender, an agitated vessel or with 
recirculating pumps. Full and uniform wetting is indicated when the substrate 
becomes evenly dispersed and non-buoyant in the slurry. 

The temperature for alkalizing the substrate can vary broadly, say, 

25 from about 20° to about 100° C. The duration of this alkalizing phase may range 
from a few minutes to an hour or more depending on the temperature and mixing 
efficiency. In general, the higher the temperature the shorter the time of treatment 
required. If a high efficiency mixer, such as a blender, is used, uniform wetting of 
the substrate can be accomplished in a shorter time period. 

30 Upon completion of the alkalizing phase, i.e., when the substrate has 

been uniformly wetted with aqueous alkali to swell and hydrophilize the substrate, 
and solubilize protein, fat, acetyl groups and ash, the substrate is treated with 
oxygen gas. The swelling of the substrate and solubilizing of protein serves to 
increase the oxygen permeability of the substrate. If the alkali extraction is used, 

35 the substrate should be filtered to remove the alkali extract and the substrate 

reslurried with water and 1 to 20 weight percent base (based on the weight of oven 
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dried substrate). Generally, the aqueous slurry will contain from 5 to 35 weight 
percent substrate. The aqueous slurry is then sealed in a pressure vessel which is 
evacuated and then pressured with C>2 to 20 to 300 psig (138 to 2070 kPa) and 
preferably 50 to 200 psig (344 to 1380 kPa). The sealed pressure vessel is then 
5 heated to 50° to 150° C and preferably 70° to 130° C for from 5 to 180 minutes and 
preferably 30 to 90 minutes. 

In a preferred embodiment of the invention the uniformly wetted 
substrate is separated from the alkalizing phase, i.e., slurry, by any convenient 
ijieans and then optionally washed with water before being treated with oxygen. 
10 Silica, fat, protein and carbohydrate which have been solubilized in the aqueous 
alkali remain behind and can be removed from the process. Since they collectively 
comprise a waste material which generates BOD, the waste can be anerobically 
treated. 

More than one oxygenation step may be used. If this is done, the 
15 substrate should be separated from the extraction after each oxygenation step prior 
to the succeeding oxygenation step. This is conveniently done by filtration or 
centrifugation. Optionally the substrate is washed with water after the separation 
step. The conditions used in the succeeding oxygenation steps are the same as those 
described herein for the first oxygenation step. The use of two oxygenation steps is 
20 preferred and results in a product having considerably improved mouth feel and 
color. 

In another preferred aspect of the present invention, peroxide is 
present in at least one of the oxygenation steps. Generally from 0.5 to 10 weight 
percent, based on the dry substrate, is used. This results in a product having 

25 considerably improved color and generally eliminates the need for a subsequent 
treatment with a bleaching agent as described below. Generally hydrogen peroxide 
is the preferred peroxide and it is simply included in the oxygenation medium 
described above. Other peroxides or proxy acids, or their salts, can also be used but 
their use is not preferred due to the additional expense involved, and, in certain 

30 instances, the pH balance problems associated therewith. Preferably, a peroxide 
stabilizer, such sodium silicate, magnesium sulfate, or sodium tripolyphosphate, is 
used to enhance product brightness. 

The alkaline medium separated from any of the oxygenation steps can 
be recycled back to the beginning of the process and used to perform the alkaline 

35 pretreatment of the nonwoody cellulosic prior to the first oxygenation step. 

After the oxygen treatment the substrate is preferably treated with a 
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bleaching agent Alkaline hydrogen peroxide is the preferred bleaching agent. The 
peroxide which can be used according to the process of the invention may be any 
water-soluble peroxide, such as hydrogen peroxide, hydroperoxide anion H0 2 ~ and 
peroxy acids such as peroxyacetic acid and monoperoxysulfnric acid. H 2 0 2 is 
preferred for its ready availability as a concentrated aqueous solution, 35-70% by 
weight, and its ease of handling. If other than hydrogen peroxide is used, the total 
amount of alkali needed should be adjusted to account for the "alkali" content of the 
peroxide. 

The total alkali, taken as NaOH, required in the overall process will 
generally not exceed 25% of the original diy weight of the substrate. 

Upon completion of the alkaline peroxide treatment step, the 
insoluble cellulosic fiber product is separated from the aqueous alkaline phase, 
washed with water one or more times to remove alkali metal base and water-soluble 
compounds, acidified to pH 2-3 with any aqueous mineral acid or organic acid that 
is non-toxic, such as hydrochloric, nitric, sulfuric, citric, tartaric and acetic acid, 
rewashed with water until the pH of the filtrate water is greater than 5.5 and, if 
desired, dried. 

The separated product can be dried in a conventional drier such as a 
rotary drier, a fluid bed drier, a pan drier or a spray drier. Alternatively, the product 
can be dewatered, for example, by pressing or centrifugation, prior to drying. 
Drying temperatures depend on the type of drier, but they should be high enough to 
efficiently dry, but low enough to avoid charring or darkening of the product. 
Preferably, product temperatures should not exceed 105° C, 

The dried bleached substrate which results from the process of this 
invention can be ground for use as a dietary fiber for substitution for flour used to 
make cakes, breads, pasta, pizza and other baked goods, ice cream, yogurt, dietary 
fiber drinks, binding agents for processed meat and pharmaceutical tablets for 
human consumption 

Particularly in the case of a dietary fiber, the product of this invention 
is preferably fine ground by itself or co-ground with the regular flour with which it 
ultimately is to be mixed. Regular flour can be any flour such as wheat flour, com 
flour, rice flour, rye flour or oat flour and need not be from the same plant as the 
original substrate. Co-grinding or milling with grains such as rice, corn, wheat, 
barley, oat, rye, etc. may be done after a preblending operation, to give a uniformly 
distributed mixture of regular flour and the dietary fiber flour of this invention. 

The process of the invention is capable of producing dietary fibers 



SUBSTITUTE SHEET 



WO 92/08842 PCT/US91/08I47 

- 9 - 

having low levels (in weight %) of proteins (less than 1), fatty substances (less than 
0.01%) and ash-forming substances (less than 1.0%) including the silicaceous 
material, taken as Si0 2 - The brightness value of the bleached product, as 
determined with a Hunter Color Difference Meter, Model D-2, which measures the 
5 dry product tamped flush with the rim of a round, 6 cm diameter x 1.8 cm deep 
metal can, is generally about 80 or more, but in the preferred cases will be higher 
than 90. In comparison, unbleached substrates typically have brightness values 
around 65 or they may be even lower. In addition, the bleached product consistently 
has a TDF content of generally over 90%. 

10 

EXAMPLE 1 

Unground oat hulls weighing 281 grams with 11% moisture content 
were placed in a plastic bag along with 1969 grams of water and 200 grams of 5% 
NaOH solution. The ratio of pure NaOH versus, oat hulls (oven dry weight) was 
15 4%. The bag was sealed by heat and placed in a 70° C water bath. At the end of 
one hour, the bag was taken out and opened. The NaOH extract was separated 
from the oat hulls by filtration. The filtered oat hulls were placed in a 2.8 liter 
pressure reactor. Three hundred grams of 5% NaOH solution were added to the 
hulls and the NaOH/starting hulls ratio was 6%. Water was added to the reactor 
20 until the total slurry weight became 1200 grams. The reactor was evacuated by a 
vacuum pump and pressurized with pure 0 2 to 150 psig (1034 kPa). Then the 
reactor was placed inside an oven to be heated up to 120° C It took about 90 
minutes for the reactor to reach 120° C, and the inside temperature was kept at 
120° C for 30 minutes. At the end of reaction, the reactor was taken out, cooled by 
25 immersing in cold water and degassed before opening. The oat hull slurry was 
filtered and the yield was about 60%. 

The filtered oat hulls were placed inside the pressure reactor again. 
Three hundred grams of 5% NaOH were added to the hulls and the NaOH/starting 
hulls ratio was 6%. Water was added to the reactor until the total slurry weight 
30 became 1050 grams. The reactor was vacuumed and pressurized with pure to 
150 psig (1034 kPa). It was placed into the oven to be heated up to 120° C. After 
the reactor was at 120° C for 30 minutes, it was taken out of the oven, cooled and 
degassed. The oat hull slurry was filtered and washed with 2 liters of water. 

A portion of the washed oat hulls were placed inside a plastic bag. 
35 Solutions of NaOH, Na2SiO^ and H2O2 and water were added to the bag. Water 
was added to the bag until the oven dry weight of oat hulls versus the weight of the 
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slurry equalled 0.12. The ratios of NaOH, Na^iC^ and versus the oven dry 

weight of the washed hulls were 1% (w/w), 3% and 3% respectively. The bag was 
placed in the water bath at 70° C for 16 hours. Then the oat hull slurry was filtered, 
washed and acidified to pH 2.5 for 15 minutes. The acidified oat hulls were washed 
5 till the pH of the filtrate was greater than 5.5. The wet hulls were dried in a lab 
fluid-bed dryer at 70° C for 20 minutes. The yield was 463%. The dried hulls were 
ground in a Willy mill to pass through the 20 mesh screen. The ground hulls had a 
brightness of 90.2, a water absorbency of 7.2 g/g and an oil absorbency of 6.6 cc/g. 

10 EXAMPLE 2 

Unground oat hulls weighing 112.4 grams with 11% moisture content 
were placed in a plastic bag along with 807.6 grams of water and 80 g of 5% NaOH 
solution. The ratio of pure NaOH versus oat hulls (oven dry weight) was 4%. The 
bag was sealed by heat and placed in a 70° C water bath. At the end of one hour, 
the bag was taken out and opened. The NaOH extract was separated from the oat 
hulls by filtration. The filtered oat hulls were placed in a 2.8 liter pressure reactor. 
One hundred twenty grams of 5% NaOH solution were added to the reactor and 
water was added until the total slurry weight became 800 grams. It was approxi- 
mately a 11.6% slurry. The reactor was evacuated by a vacuum pump and 
pressurized with pure 0 2 to 150 psig (1034 kPa). Then the reactor was placed 
inside an oven and heated up to 120° C. It took about 90 minutes for the reactor to 
reach 120° C and the inside temperature was kept at 120° C for 30 minutes. At the 
end of the reaction, the reactor was taken out of the oven, cooled and degassed 
before opening. The oat hull slurry was filtered and the yield was about 613%. 

The filtered oat hulls were placed inside the pressure reactor again. 
One hundred twenty grams of 5% NaOH were added to the hulls until the total 
slurry weight became 600 grams. The reactor was vacuumed and pressurized with 
pure 0 2 to 150 psig (1034 kPa). It was placed in an oven and heated up to 120° C. 
After the reactor was at 120° C for 30 minutes, it was taken out of the oven, cooled 
and degassed. The oat hull slurry was filtered, washed with 2 liters of water, and 
acidified to pH 2.5 for 15 minutes. The acidified oat hulls were washed twice with 
500 ml of water. The wet hulls were dried in a lab fluid-bed dryer at 70° C for 20 
minutes. The yield was 43.6%. The dried hulls were ground in a Willy mill to pass 
through a 20-mesh screen. The ground hulls had a brightness of 88.5, an ash content 
35 of 1.11 wt, %, a water absorbency of 5.9 g/g and an oil absorbency of 4.9 cc /g. 



20 



25 



30 
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EXAMPLE 3 

Unground oat hulls weighing 112.4 grams with 11% moisture content 
were placed in a plastic bag along with 807.6 grams of water and 80 grams of 5% 
NaOh solution. The ratio of pure NaOH versus oat hulls was 4%. The bag was 
5 sealed by heat and placed in a 70° C water bath. At the end of one hour, the bag 
was taken out and opened. The NaOH extract was separated from the oat hulls by 
filtration. The filtered oat hulls were placed in a 2.8 liter pressure reactor. One 
hundred twenty grams of 5% NaOH solution were added to the hulls and the 
NaOH/starting hulls ratio was 6%. Water was added to the reactor until the total 

10 sluny weight became 800 grams. It was approximately a 11.6% slurry. The reactor 
was evacuated by vacuum pump and pressurized with pure O2 to 150 psig (1034 
kPa). The reactor was placed inside an oven and heated up to 120° C for 30 
minutes. At the end of the reaction, the reactor was taken out, cooled and degassed 
before opening. The oat hull sluny was filtered and the yield was about 61.3%. 

15 The washed oat hulls were placed inside a plastic bag. Solutions of 

H2O2 and H2SO4 were added to the bag. The ratios of H 2 0 2 and H 2 S0 4 versus 
the oven diy weight of the washed hulls were 1% (w/w) and 2% (w/w) respectfully. 
The total slurry weight was 1150 grams. The bag was placed in a water bath at 70° C 
for 60 minutes. Then the oat hull slurry was filtered and washed. 

20 The filtered oat hulls were placed inside a 2.8 liter pressure reactor. 

One hundred twenty grams of 5% NaOH were added to the hulls and the 
NaOH/starting hulls ratio was 6%. Water was added to the reactor until the total 
slurry weight became 600 grams. The reactor was vacuumed and pressurized with 
pure 0 2 to 150 psig (1034 kPa). It was placed in an oven and heated to 120° C 

25 After the reactor was at 120° C for 30 minutes, it was taken out, cooled and 
degassed. The oat hull slurry was filtered, washed with 2 liters of water, and 
acidified to pH 2.5 for 15 minutes. The acidified hulls were washed twice with 500 
ml of water. The wet hulls were dried in a lab fluid-bed dryer at 70° C for 20 
minutes. The yield was 48.0%. The dried hulls were ground in a Willy mill to pass 

30 through a 20-mesh screen. The ground hulls had a brightness of 87.9, an ash content 
of 035%, a water absorbency of 5.7 g/g and an oil absorbency of 43 cc/g. 

EXAMPLE 4 

Unground oat hulls weighing 112.4 grams with 11% moisture content 
35 were placed in a plastic bag along with 187.6 grams of water and 200 grams of 5% 
NaOh solution. The ratio of pure NaOH versus oat hulls (oven dry weight) was 
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10%. The bag was sealed by heat and placed in a 90° C water bath. At the end of 
one hour, the bag was taken out and opened. The NaOH extract was separated 
from the oat hulls by filtration. The filtered oat hulls were placed in a 2.8 liter 
pressure reactor. One hundred twenty grams of 5% NaOH solution were added to 
5 the hulls and the NaOH/starting hulls ratio was 6%. Water was added to the 

reactor until the total slurry weight became 760 grams. The reactor was evacuated 
by a vacuum pump and pressurized with pure 0 2 to 150 psig (1034 kPa). Then the 
reactor was placed inside an oven and heated up to 120° C. It took about 90 minutes 
for the reactor to reach 120° C, and the temperature inside the reactor was kept at 

10 120° C for 30 minutes. At the end of the reaction, the reactor was taken out, cooled 
and degassed before opening. The oat hull slurry was filtered, washed with 2 liters 
of water, and acidified to pH 25 for 15 minutes. The acidified oat hulls were 
washed twice with 500 ml of water. The wet hulls were dried in a lab fluid-bed diyer 
at 70° C for 20 minutes. The yield was 70%. The dried hulls were ground in a Willy 

15 mill to pass through a 20-mesh screea The ground hulls had a brightness of 80.9, an 
ash content of 0.76%, a water absorbency of 42 g/g and an oil absorbency of 2.9 
cc/g. 

EXAMPLE 5 

Unground oat hulls weighing 112.4 grams with 11% moisture content 

20 were placed in a plastic bag along with 187.6 grains of water and 200 grams of 5% 
NaOh solution. The ratio of pure NaOH versus oat hulls (oven dry weight) was 
10%. The bag was sealed by heat and placed in a 90° C water bath. At the end of 
one hour, the bag was taken out and opened. The NaOH extract was separated 
from the oat hulls by filtration. The filtered oat hulls were placed in a 2.8 liter 

25 pressure reactor. One hundred twenty grams of 5% NaOH solution were added to 
the hulls and the NaOH/starting hulls ratio was 6%. Water was added to the 
reactor until the total slurry weight became 762 grams. The reactor was evacuated 
by a vacuum pump and pressurized with pure 0 2 to 150 psig (1034 kPa). Then the 
reactor was placed inside an oven and heated up to 120° G It took about 90 minutes 

30 for the reactor to reach 120° C, and the temperature inside the reactor was kept at 
120° C for 30 minutes. At the end of the reaction, the reactor was taken out, cooled 
and degassed before opening. The oat hull slurry was filtered, washed with 2 liters 
of water and the yield was about 70%. 

The washed oat hulls were placed inside a plastic bag. Solutions of 

35 NaOH, H2O2 and Na^SiO.^ and water were added to the bag. The ratios of NaOH, 
H2O2 and Na2Si0 3 versus the oven dry weight of the oat hulls were 1%, 1% and 
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3% respectively. The total slurry weight was 700 grams. The bag was placed in a 
water bath at 70° C for 3 hours. Then the oat hull slurry was filtered, washed and 
acidified to pH 2.5 for 15 minutes. The acidified oat hulls were washed twice with 
500 ml of water. 

5 The wet hulls were dried in a lab fluid-bed dryer at 70° C for 20 

minutes. The yield was 67.1%. The dried hulls were ground in a Willy mill to pass 
through a 20-mesh screen. The ground hulls had a brightness of 84.6, an ash content 
of 038%, a water absorbency of 5.0 g/g and an oil absorbency of 3.3 cc/g. 

10 EXAMPLE 6 

Unground oat hulls weighing 112.4 grams with 11% moisture content 
were placed in a plastic bag along with 807.6 grams of water and 80 g of 5% NaOh 
solution. The ratio of pure NaOH versus oat hulls (oven dry weight) was 4%. The 
bag was sealed by heat and placed in a 70° C water bath. At the end of one hour, 

15 the bag was taken out and opened. The NaOH extract was separated from the oat 
hulls by filtration. The filtered oat hulls were placed in a 2.8 liter pressure reactor. 
One hundred twenty grams of 5% NaOH solution were added to the reactor and 
water was added until the total slurry weight became 800 grams. The reactor was 
evacuated by vacuum pump and pressurized with pure O2 to 150 psig (1034 kPa). 

20 Then the reactor was placed inside an oven and heated up to 120° C. It took about 
90 minutes for the reactor to reach 120° C and the inside temperature was kept at 
120° C for 30 minutes. At the end of the reaction, the reactor was taken out, cooled 
and degassed before opening. The oat hull slurry was filtered and the yield was 
about 61.3%. 

25 The filtered oat hulls were placed inside the pressure reactor again. 

One hundred twenty grams of 5% NaOH and 33 grams of 30% hydrogen peroxide 
solution were added to the hulls and water was added until the total slurry weight 
became 600 grams. The reactor was vacuumed and pressurized with pure O2 to 150 
psig (1034 kPa). It was placed in an oven and heated to 120° C. After the reactor 

30 was at 120° C for 30 minutes, it was taken out of the oven, cooled and degassed. The 
oat hull slurry was filtered, washed with 2 liters of water, and acidified to pH 2.5 for 
15 minutes. The acidified hulls were washed twice with 500 ml of water. The wet 
hulls were dried in a lab fluid-bed dryer at 70° C for 20 minutes. The yield was 
45.7%. The dried hulls were ground in a Willy mill to pass through a 20-mesh 

35 screen. The ground hulls had a brightness of 90.1, an ash content of 0.98% wt, %, a 
water absorbency of 5.7 g/g and an oil absorbency of 4.5 cc/g. 
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EXAMPLE 7 

Unground oat hulls weighing 281 grams with 11% moisture content 
were placed in a plastic bag along with 1969 grams of water and 200 grams of 5% 
5 NaOH solution. The ratio of pure NaOH versus oat hulls (oven dry weight) was 
4%. The bag was sealed by heat and placed in a 70° C water bath. At the end of 
one hour, the bag was taken out and opened The NaOH extract was separated 
from the oat hulls by filtration. The filtered oat hulls were placed in a 2.8 liter 
pressure reactor. Three hundred grams of 5% NaOH solution were added to the 

io hulls and the NaOH/starting hulls ratio was 6%. Water was added to the reactor 
until the total sluny weight became 1200 grams. The reactor was evacuated by a 
vacuum pump and pressurized with pure 0 2 to 150 psig (1034 kPa). Then the 
reactor was placed inside an oven to be heated up to 120° C It took about 90 
minutes for the reactor to reach 120° C, and the inside temperature was kept at 

15 120° C for 30 minutes. At the end of reaction, the reactor was taken out, cooled and 
degassed before opening. The oat hull slurry was filtered and the yield was about 
60%. 

Then the oat hull slurry was reslurried and acidified by dilute HC1 to 
pH 2.5 for 15 minutes. The acidified oat hulls were washed till the pH of the filtrate 
20 was greater than 55. The wet hulls were dried in a lab fluid-bed dryer at 70° C for 
20 minutes. The dried hulls were ground in a Willy mill to pass through the 20-mesh 
screen. The ground hulls had a brightness of 68.2, a water absorbency of 43 g/g and 
an oil absorbency of 3.0 cc/g. 

25 EXAMPLE 8 

Unground oat hulls weighing 281 grams with 11% moisture content 
were placed in a plastic bag along with 1969 grams of water and 200 grams of 5% 
NaOH solution. The ratio of pure NaOH versus oat hulls (oven diy weight) was 
4%. The bag was sealed by heat and placed in a 70° C water bath. At the end of 

30 one hour, the bag was taken out and opened. The NaOH extract was separated 
from the oat hulls by filtration. The filtered oat hulls were placed in a 2.8 liter 
pressure reactor. Three hundred grams of 5% NaOH solution were added to the 
hulls and the NaOH/starting hulls ratio was 6%. Water was added to the reactor 
until the total slurry weight became 1200 grams. The reactor was evacuated by a 

35 vacuum pump and pressurized with pure 0 2 to 150 psig (1034 kPa). Then the 
reactor was placed inside an oven to be heated up to 120° C. It took about 90 



SUBSTITUTE SHEET 



WO 92/08842 



- 15 - 



PCT/US9 1/08 147 



minutes for the reactor to reach 120° C, and the inside temperature was kept at 
120° C for 30 minutes. At the end of reaction, the reactor was taken out, cooled and 
degassed before opening. The oat hull slurry was filtered and the yield was about 
60%. 

5 The filtered oat hulls were placed inside the pressure reactor again. 

One hundred seventy-five grams of 5% NaOH were added to the hulls and the 
NaOH/starting hulls ratio was 35%. Water was added to the reactor until the total 
slurry weight became 1050 grams. The reactor was vacuumed and pressurized with 
pure C>2 to 150 psig (1034 kPa). It was placed into the oven to be heated up to 
10 120° C. After the reactor was at 120° C for 30 minutes, it was taken out of the oven, 
cooled and degassed. The oat hull slurry was filtered and washed with 2 liters of 
water. 

Then the wet oat hulls were reslurried and acidified by dilute HC1 to 
pH 2.5 for 15 minutes. The acidified oat hulls were washed till the pH of the filtrate 
L5 was greater than 5.5. The wet hulls were dried in a lab fluid-bed dryer at 70° C for 
20 minutes. The yield was 51%. The dried hulls were ground in a Willy mill to pass 
through the 20-mesh screen. The ground hulls had a brightness of 83.5, a water 
absorbency of 5.0 g/g and an oil absorbency of 3.5 cc/g. 

20 EXAMPLE 9 

Unground oat hulls weighing 281 grams with 11% moisture content 
were placed in a plastic bag along with 1969 grams of water and 200 grams of 5% 
NaOH solution. The ratio of pure NaOH versus oat hulls (oven dry weight) was 
4%. The bag was sealed by heat and placed in a 70° C water bath. At the end of 

25 one hour, the bag was taken out and opened. The NaOH extract was separated 
from the oat hulls by filtration. The filtered oat hulls were placed in a 2.8 liter 
pressure reactor. Three hundred grams of 5% NaOH solution were added to the 
hulls and the NaOH/starting hulls ratio was 6%. Water was added to the reactor 
until the total slurry weight became 1200 grains. The reactor was evacuated by a 

30 vacuum pump and pressurized with pure O2 to 150 psig (1034 kPa). Then the 
reactor was placed inside an oven to be heated up to 120° C. It took about 90 
minutes for the reactor to reach 120° C, and the inside temperature was kept at 
120° C for 30 minutes. At the end of reaction, the reactor was taken out, cooled and 
degassed before opening. The oat hull slurry was filtered and the yield was about 

35 60%. 
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The filtered oat hulls were placed inside the pressure reactor again. 
Two hundred twenty-five grams of 5% NaOH were added to the hulls and the 
NaOH/starting hulls ratio was 45%. Water was added to the reactor until the total 
slurry weight became 1050 grams. The reactor was vacuumed and pressurized with 
5 pure 0 2 to 150 psig (1034 kPa). It was placed into the oven to be heated up to 
120° C. After the reactor was at 120° C for 30 minutes, it was taken out of the oven, 
cooled and degassed. The oat hull slurry was filtered and washed with 2 liters of 
water. 

Then the wet oat hulls were reslurried and acidified by dilute HC1 to 
pH 2.5 for 15 minutes. The acidified oat hulls were washed till the pH of the filtrate 
was greater than 5.5. The wet hulls were dried in a lab fluid-bed dryer at 70° C for 
20 minutes. The dried hulls were ground in a Willy mill to pass through the 20-mesh 
screen. The ground hulls had a brightness of 84.1, a water absorbency of 5.6 g/g and 
an oil absorbency of 5.2 cc/g. 



10 



15 



25 



EXAMPLF 10 

Unground oat hulls weighing 281 grams with 11% moisture content 
were placed in a plastic bag along with 1969 grams of water and 200 grams of 5% 
NaOH solution. The ratio of pure NaOH versus oat hulls (oven dry weight) was 
20 4%. The bag was sealed by heat and placed in a 70° C water bath. At the end of 
one hour, the bag was taken out and opened The NaOH extract was separated 
from the oat hulls by filtration. The filtered oat hulls were placed in a 2.8 liter 
pressure reactor. Three hundred grams of 5% NaOH solution were added to the 
hulls and the NaOH/starting hulls ratio was 6%. Water was added to the reactor 
until the total slurry weight became 1200 grams. The reactor was evacuated by a 
vacuum pump and pressurized with pure 0 2 to 150 psig (1034 kPa). Then the 
reactor was placed inside an oven to be heated up to 120° C. It took about 90 
minutes for the reactor to reach 120° C, and the inside temperature was kept at 
120° C for 30 minutes. At the end of reaction, the reactor was taken out, cooled and 
30 degassed before opening. The oat hull slurry was filtered and the yield was about 
60%. 

The filtered oat hulls were placed inside the pressure reactor again. 
Three hundred grams of 5% NaOH were added to the hulls and the NaOH/starting 
hulls ratio was 6%. Water was added to the reactor until the total slurry weight 
35 became 1050 grams. The reactor was vacuumed and pressurized with pure 0 2 to 
150 psig (1034 kPa). It was placed into the oven to be heated up to 120° C. After 
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the reactor was at 120° C for 30 minutes, it was taken out of the oven, cooled and 
degassed. The oat hull slurry was filtered and washed with 2 liters of water. 

A portion of the washed oat hulls was placed inside a plastic bag. A 
10% peracetic acid solution was added to the oat hulls and the ratio of pure 
5 peracetic acid to the oven dry weight of the wet hulls was 2%. Water was also 
added to the bag until the ratio of the oven dry weight hulls versus the liquid was 
10%. The bag was sealed by heat and placed in a water bath at 70° C for one hour. 
The oat hull slurry was filtered and washed with water. 

The washed oat hulls were placed inside a plastic bag. Solutions of 

10 NaOH, Na^iC^ and H 2 °2 311(1 water were added t0 the bag ' WatCT WaS added t0 
the bag until the oven dry weight of oat hulls versus the weight of the slurry equalled 
0.12. The ratios of NaOH, Na^iOg and HjOj versus the oven dry weight of the 
washed hulls were 1% (w/w), 3% and 2% respectively. The bag was placed in the 
water bath at 70° C for 3 hours. Then the oat hull slurry was filtered, washed and 

15 acidified to pH 2.5 for 15 minutes. The acidified oat hulls were washed till the pH 
of the filtrate was greater than 5.5. The wet hulls were dried in a lab fluid-bed dryer 
at 70° C for 20 minutes. The yield was about 46%. The dried hulls were ground in a 
Willy mill to pass through a 20 mesh screen. The ground hulls had a brightness of 
90.8, a water absorbency of 7.2 g/g and an oil absorbency of 6.5 cc/g. 

20 

EXAMPLE 11 

Unground oat hulls weighing 281 grams with 11% moisture content 
were placed in a 2.8 liter pressure reactor. Three hundred grams of 5% NaOH 
solution were added to the hulls and the NaOH/starting hulls ratio was 6%. Water 

25 was added to the reactor until the total slurry weight became 175 1 grams. The 

reactor was evacuated by a vacuum pump and pressurized with pure 0 2 to 150 psig 
(1034 kPa). Then the reactor was placed inside an oven to be heated up to 120° C. 
It took about 90 minutes for the reactor to reach 120° C, and the inside temperature 
was kept at 120° C for 30 minutes. At the end of the reaction, the reactor was taken 

30 out, cooled and degassed before opening. The oat hull slurry was filtered and the 

yield was about 74.7%. 

Then a portion of the wet oat hulls were washed and acidified by 
dilute HC1 to pH 2.5 for 15 minutes. The acidified oat hulls were washed with 500 
ml of water twice. The wet hulls were dried in a lab fluid-bed dryer at 701° C for 20 
35 minutes. The dried hulls were ground in a Willy mill to pass through the 20 mesh 
screen. The ground hulls had a brightness of 61.0, a water absorbency of 3.4 g/g and 
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an oil absorbency of 2.5 cc/g. 



10 



15 



EXAMPT.F 17 

Unground oat hulls weighing 33.6 grams with 10.7% moisture content 
were placed in a pressure reactor along with 10.3 grams of 35% NaOH solution, 4.8 
grams of 37.6% sodium silicate solution, 4.4 grains of 13.5% sodium 
tripolyphosphate solution, 62 grams of 29.2% solution and 240 grams of 
potable water. The ratios of NaOH, Na^, Na^O^ and H 2 0, versus oat 
hulls (oven dry weight) were 12%, 6%, 2% and 6%. Hie reactor was pressurized 
with 30 psig 0 2 and heated up to 80° C. The reaction was under 30 psig O for 60 



minutes. 



At the end of one hour, the reactor was vented and the content was 
taken out. The oat hull slurry ( Gap in text) #1 filter paper. The wet hulls were 
washed with 300 ml of water twice and reslurried to 300 grams with water The 
slurry was acidified to pH 22 with 25 grams of 10% HC1 and was stirred for 15 
minutes. It was then filtered, washed with 300 ml of water twice and dried in a 
flmdizedbe<ldryerat7(rcfor20rninutes. The yield was 54.8%. The dried hulls 
were ground in a Willy mill to pass a 20 mesh screen. The ground hulls had a 
brightness of 853, a water absorbency of 7.0 g/g and an oil absorbency of 5 6 cc/g 
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CLAIMS : 

1. A process for preparing low calorie cellulosic 
5 dietary fiber from a nonwoody agricultural residue 

comprising providing an aqueous slurry of 5 to 35 weight 
percent of said residue or a mixture of such residues, 
containing dissolved therein 1 to 2 0 weight percent, based 
on dry residue, of a base, in a pressure vessel, 

10 pressurizing said vessel to 20 to 300 pounds per square inch 
guage with oxygen and heating the slurry to from 50° to 
150°C for 5 to 180 minutes to provide a delignified 
cellulosic dietary fiber slurry and a lignin containing 
extract solution and separating said delignified cellulosic 

15 dietary fiber from said lignin containing extract solution, 
forming said dietary fiber into a second aqueous slurry 
containing from 5 to 3 5 weight percent of dietary fiber and 
having dissolved therein from 1 to 2 0 weight percent, based 
on said fiber, of a base, in a pressure vessel, and 

2 0 pressuring said vessel to from 2 0 to 3 00 pounds per square 

inch guage with oxygen and heating the slurry to from 50° to 
150°C for 5 to 180 minutes. 

2. The process of Claim 1 wherein the nonwoody 
25 lignocellulosic substrate is first treated with an aqueous 

basic solution containing 1 to 2 0 weight percent base, based 
on dry weight of the substrate, at a temperature to 20° to 
100°C for 5 to 180 minutes and the substrate separated from 
the extract prior to treatment with oxygen. 

30 

3. The process of Claim 2 wherein the substrate 
after one of the two oxygenation steps is heated with an 
aqueous bleaching solution. 
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4. The process of Claim 3 wherein the oxygenation 
in both oxygenation steps is carried out at 50 to 200 pounds 
per square inch gauge. 

5 5. The process of Claim 4 wherein both 

oxygenation steps are carried out at 90° to 130°C. 

6. The process of Claim 5 wherein both 
oxygenation steps are performed for from 3 0 to 90 minutes. 

10 

7. The process of Claim 6 wherein the bleaching 
step is performed using an alkaline hydrogen peroxide 
solution. 

15 8. The process of Claim 7 wherein the substrate 

is a cereal grain hull. 

9- The process of Claim 1 wherein at least one of 
the oxygenation steps is carrier out in the presence of 0.5 

2 0 to 10 percent by weight, based on dry substrate, of a 

peroxide. 

10. The process of Claim 9 wherein the nonwoody 
lignocellulosic substrate is first treated with an aqueous 
25 basic solution containing 1 to 20 weight percent base, based 
on dry weight of the substrate, at a temperature of 20° to 
100°C for 5 to 180 minutes and the substrate separated from 
the extract prior to the first treatment with oxygen. 

3 0 11. The process of Claim 10 wherein both 

oxygenation steps are carried out at 50 to 200 pounds per 
square inch gauge. 

12. The process of Claim 11 wherein both 
35 oxygenation steps are carried out at 90° to 130°C. 
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13. The process of Claim 12 wherein both 
oxygenation steps are performed for from 30 to 90 minutes. 

14. The process of Claim 13 wherein the substrate 
5 is a cereal grain hull. 
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to 150 C to del.gn.fy the substrate, separating the delignified susbstrate from the lignin containing extract solution ; (d) optional- 
y bleaching the delignified substrate, preferably with an alkaline aqueous hydrogen peroxide solution, and (e) recovering the de 
Iignified substrate. Optionally more than one oxygenation step can be used with the substrate being separated from the oxygena 
tion-extraction medium between oxygenation steps. Optionally, in a preferred aspect of the present invention a peroxide prefer 
ably 0.5 to 10 weight percent hydrogen peroxide, is included in the reaction medium during one of the oxygenation steps 



4 See back of page 
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